Insulating Windows with Integrated Frame from Composite Material  by Oravec, Pavel
2351-9789 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Selection and Peer-review under responsibility of the Scientific Committee of MIMEC2015
doi: 10.1016/j.promfg.2015.07.061 
 Procedia Manufacturing  2 ( 2015 )  348 – 352 
Available online at www.sciencedirect.com 
ScienceDirect
2nd International Materials, Industrial, and Manufacturing Engineering Conference, MIMEC2015, 
4-6 February 2015, Bali Indonesia 
Insulating windows with integrated frame from composite material 
Pavel Oravec* 
Brno University of Technology, Faculty of Civil Engineering, Veveří 331/95, 602 00 Brno, Czech Republic 
Abstract  
This document explains and demonstrates the use of thermally insulating triple glazing, which has a frame from composite 
material integrated in space between glasses. It concerns a brand new way of glazing for casement and awning windows and 
doors in structures with the request for insulating separation of indoor and outdoor spaces. 
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Introduction 
The use of glass for transparent filling of holes in buildings has got a long tradition and an irreplaceable role. 
Glass windows and doors in structures have to meet all kinds of strict requirements. Regulations require high quality 
of windows and doors as a product. Requirements are defined also for the right attachment of windows and doors to 
the building construction. In Central Europe the effort is to keep the interior thermal comfort of buildings in the 
narrow range of 20 to 29 °C while the temperature of the exterior oscillates between -20 °C (in winter) and up to 
+40 °C (in summer time). The unique dividing element between these two extremes is among the transparent parts 
of structures just glass. Windows and doors partake significantly in the temperature stability [1, 2, 3] and have 
influence over the general energetic balance of the house [4, 5]. It is well known that the classic arrangement of the 
window suffers a whole range of problems [6, 7]. The aim of the new solution is to eliminate the risks influencing 
the function of the product and the energy consumption [8]. Another important thing is the right connection of the 
window construction to the wall [9]. The execution of the walls in question should ensure the best acoustic qualities 
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[10]. From the perspective of the environmental protection it is also favorable to use recyclable materials both for 
walls [11] and glazing [12]. 
1 History of the glazing development  
Single-pane window. 
The technical solution consisted in attaching the glass pane usually of 3 mm of thickness into wooden or steel frame. 
The glass was all along the edge attached to the frame by putty which ensured tightness and dilatation. Structures 
with heating used to have significantly dewy glass in the winter time due to water vapor condensation on the cold 
surface of the glass. Condensed water used to trickle down to the lower part which is why the windows often had a 
channel for the condensate collection and outlet. 
Double casement double-pane window.  
It concerned two individual window casements on one frame attached to the wall. One casement was to the interior, 
the other to the exterior. The interior and the exterior were then separated by air cavity of the depth of 100 up to 
300 mm which limited the creation of condensate on glazing.  
Single casement double-pane window. 
Around 1960 in order to save production costs two panes of glass started to be attached to one operational casement 
with approximately 40 mm space between glasses. This solution saved one frame of the casement including the 
fitting. The insulation capacity of such glazing was expressed by the rate of the coefficient of the thermal 
transmittance U = 2,4 W.m-2.K-1. The glass panes were attached to the casement frame with putty, later also with 
rubber seal. 
Insulated double-glazing.  
The requirement for better insulation qualities was solved approximately from 1990 using glass of 4 mm thickness 
with thin inter-glazing cavity (mostly 16 mm) filled with gas (usually Argon). 
Insulation double-glazing reached the rate U = 1,4 W.m-2.K-1. Insulation glazing is inserted into the casement 
framing and attached with glazing strips. Frames are from PVC, wood or steel.  
Insulation triple-glazing.  
The requirement for higher thermal protection of structures is solved by gradual implementation of insulation triple-
glazing. Since approximately 2010 triple-glazing with insulation capacities U = 0.8 W.m-2.K-1 become commonly 
used. Technologies of gluing insulation glazing into framing have been appearing. Torsion toughness is ensured by 
glass panes and frames can be very subtle. 
2 Integrated framing 
Windows in structures are divided into the ones attached fixedly, called fixed, and operational ones. If there is no 
request for opening, the glazing is attached right to the frame attached to the building structure (wall). But most 
windows are made operational to ensure comfortable maintenance and the possibility of ventilation. The biggest 
disadvantage of operational windows is that they always have two frames. One frame is attached to the building 
structure and the other, the casement frame, serves as the glazing support. The differences in architectural thickness 
of the frames are evident on the facades where there are both operational and fixed glazing. 
2.1 Technical solution 
Coming from the assumption that glass is self-supporting, the task is to arrange the window structure so that the 
casement frame is as eliminated as possible. (fig.1). 
Integrated framing glued between the internal and external glass pane serves as a support for conducting elements 
of fitting including hinges. It is shaped so that also rubber seal can be fixed on it. Requirements for integrated 
framing: strength, low thermal conductivity, possibility of processing, stability, possibility of anchoring bolts, non-
absorbing. 
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2.2 Material 
The composite material Purenit® (Chart 1) corresponds the complex of the required qualities for integrated 
framing. 
Chart 1 – qualities of the composite material Purenit® 
Quality Rate 
Density 550 kg/mł (+/–50 kg) 
Temperature usability –50 °C up to +100 °C 
Compressive strength 5.5 – 7.5 MPa 
Flexural strength 5 - 7 MPa 
Shear strength 1 – 1.5 MPa 
Tensile strength 1 – 1.5 MPa 
Class of reaction to fire E 
Thickness swelling 0.8 % 
Strength when removing bolts 650 - 750 N, M6 x 16 
Thermal conductivity 0.070 W/(m·K) 
 
Integrated framing from composite material was produced in cooperation with prototype development workshop 
of the Technical University in Zvolen. The glued joint of the composite material was developed and tested with the 
glued joints department representative on the basis of previous experience [13]. 
 
 
 
# description Thermal conductivity λ [W.m.K-1] 
1a External pane 1.0 
1b Second pane 1.0 
1c Internal pane 1.0 
2 Composite profile 0.08 
3 Window frame, wood 0.13 
4 Fitting mechanism 50 
5a Tightness 0.35 
5b Exterior tightness 0.35 
6 Inter-glazing spacer 0.25 
7 Putty 0.5 
8 Decompression cavity 0.025 
9 Decompression cavity 
ventilation 
- 
10 External sill - 
 
 
 
 
 
Fig. 1 – Cross-section of the new window assembly in the area of the sill 
3 Thermal technical evaluation 
For evaluation of thermal technical qualities the most critical part was chosen - lower part of the window by the 
window sill. In other parts - jambs and head, the coverage of the window construction by the thermal insulation of 
the facade is considered and therefore the thermal scale will always have better results. 
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Fig. 2a, 2b - Infra-red illustration of the heat flow and surface temperature. Comparison of the new window construction with the 
implementation of the composite element in the window construction (2a) with a standard window (2b). 
3.1 Results of evaluation 
To evaluate the thermal scale the computational software THERM 7.1 was used. Boundary conditions for both 
models were as follows:  
Interior temperature 20 ºC, coefficient of the heat flow on the internal side of the construction hsi = 8 W.m-2.K-1; 
Exterior temperature -15 ºC, coefficient of the heat flow on the external side of the construction  
hse = 25 W.m-2.K-1 [14]. 
Figure 2a, 2b shows the comparison of surface temperatures of the constructions.  
The resulting rate of the coefficient of the heat flow of the frame: 
Uf = 0.72 W.m-2.K-1 for new construction in fig. 2a. 
Uf = 0.92 W.m-2.K-1 for current usual construction in fig. 2b. 
Verification of thermal technical qualities by experimental measuring in a test room [15, 16] is being prepared 
and is necessary to compare and gain more precise rates. 
Summary 
The use of framing integrated into inter-glazing space of insulation glazing of casement and awning windows by 
eliminating standard casement frames saves costs for their production. From the architectonical point of view are 
these new operational and fixed windows indistinguishable on the facades from the outside which enables their 
united appearance. New construction arrangement improves thermal technical qualities of the windows and lowers 
architectonical height of the frame to the minimum size which enables bigger glazing surfaces. 
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